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A Test of the Performance of Portable 
. Electric Mixers for Household Use! 
By LOUISE J . PElET, GAIL M. REDFIELD2 AND ARNOLD E. BARAGAR3 
At the time this study was initiated, the small electrical food 
mixer was a common appliance in the home, serving in many ways 
to facilitate and hasten the tasks of whipping, beating and mixing 
during food preparation. Then, as now, the homemaker with a 
small food mixer wanted to use it for all her mixing and beating 
operations. Advertising claims indicated that it was adequate 
for such purposes. Many mixers, however, would not perform 
all the tasks required. The beater speed was too fast; the bowl 
turned too rapidly or did not turn at all; portions of the food 
remained unmixed and had to be mixed by hand. The most 
serious fault was a failure of the motor to function at low speed 
with a heavy load, sometimes even with a medium load . 
Further consideration of this appliance suggested that other 
factors might affect its performance, and accordingly the follow-
ing problems were form ulated for investigation: 
1. Desirable beater r.p.m. for different types of mixing. 
2. Effect of shape and size of the beaters upon the mixing and 
beating of foods. 
3. Influence of the size of the mixing bowl on the mixing and 
beating quality of the appliance. 
4. Influence of bowl rotation. 
5. Most satisfactory method of mixing certain food products to 
obtai n sati sfactory results . 
The investigations were of two distinct types: 
1. Mixing of certain foods with the use of nine mixers found 
on the market. 
2. A study under controlled conditions of the effect of shape 
and size of beater blades and of rotation of the mixer bowl on 
certain food products. 
CONSTRUCTION OF SMALL ELECTRIC FOOD 
MIXERS 
Essentially the small portable food mixer is a set of beaters 
connected through suitable reduction gears to a non-compensated 
lProject 603 of the Iowa Agricultural Experiment Station. 
2Agricultural Experiment Station, Purdue University. 
3Agri cultul'al Experiment Station, Uuiversity of Nebraska. 
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universal electric motor,4 which has a power rating varying from 
75 to 150 watts at 110-120 volts. Except when governors are 
used to control the speed, such a motor has the operating char-
acteri'stics of a d.c. series motor. When a.c. is also to be used 
cartain modifications in design are necessary in order to eliminate 
commutation difficulties." The armature speeds of this type of 
motor are relatively high, especially when operating without load; 
in some instances speeds close to 18,000 r.p.m. are observed. 
Beater speeds are, of course, considerably reduced through the 
gear mechanisms, so that normal operation in food bowls takes 
place at about 1200 r.p.m. or less. 
Unless universal motors are equipped with special speed gov-
ernors, the speed will change with a change in load, and some-
times perceptibly with a change in voltage supply or frequency. 
For most processes in which this type of motor is employed, auto-
matic self-adjustment of the speed to the load is very essential. 
In food mixing, speed change is not particularly desirable. The 
universal motor is, however, commonly used for the household 
mixer because it may be operated on either a.c. or d.c., and it 
may be made to rotate at very high speeds. 
PART 1. TESTS WITH NINE MIXERSG 
Nine of the well-known small food mixers, selling in 1940 be-
tween $18 and $25, were selected for tests. They varied in motor 
size, speed, and size of blade. Data on the nine mixers are sum-
marized 'in table l. 
In all tests with these mixers a General E lectric recording 
wattmeter and a Duncan appliance meter were used to determine 
the power input for mixing the products. The voltage was main-
tained at 115 volts. The products were mixed at room tempera-
ture, which was approximately 26° C. All ingredients were 
brought to room temperature prior to mixing. The products 
were baked in thermostatically controlled gas ovens in which the 
temperatures had been checked for accuracy. 
TESTS WITH FOOD 
Before starting the tests with food a survey was made among a 
group of rural Indiana homemakers to determine (1) the foods 
that those who had mixers were able to mix satisfactorily and 
(2) what use those without mixers would expect to make of them. 
Homemakers without mixers reported that they would expect to 
4As defined by the American Standards Association , a universal motor is a seri es 
wound motor which may be operated either on direct current or singl e-phase aiter-
lH"ting current at the same speed and output. r.I:'h ese conditions mu st be met WhPll 
the direct-enrrent and alternating-current voltages are approximately the snme find 
the frequency of the alternating current is not greater than 60 cycles pel' !'(erond. 
5Veinott, C. G. Fl'actional Horsepower Electric Motors. McGraw-Hill Book Co .. 
New YOl'k. 19 39. 
OThis series of tests wns made by Guil Redfield, Purdue University. 
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TABLE 1. DATA ON MIXERS. 
Actual power Height Bowl 
Rated used Each beater in bowl --------
~1ixer power with no load ---- above Width Width 
Weight input watts Height Width beater top bottom Depth 
----
gms.* watts High Med. Low cm. cm. cm. cm. cm. cm. 
---------------- -----
A 3121 150 150 120 90 9 . 2 5 .9 2 .0 21 . 5 13 . 5 11 .0 
---------------- -----
B 2513 100 80 65 60 8 . 5 5 . 5 3 .0 21 .5 15. 0 11 .4 
------------------ -----
C 2030 100 90 60 45 6 . 6 5 .3 3 . 2 21 .5 16 .0 9 . 8 
---------------- -----
D 2550 120 70 65 60 5.3 5.3 5 . 0 21 . 3 15 .0 II. 3 
------------
--
-- -----
E 1573 80 65 60 56 6.4 4 .8 4.5 21 .3 14 .5 11 .0 
---------------- --- -
F 2899 150 85 60 40 5.7 5.5 4 . 5 21.5 14 .5 11 .0 
---------------- ---
--
G 1800 75 75 52 45 5.2 5 . 2 5 . 5 20 .0 17 .0 10 .5 
---------------- --
--
H 1825 75 60 52 52 5 .3 5 . 1 5 .5 21.5 15 . 5 11.0 
---------------- ---
--
I ** 120 85 65 50 9 .4 7 . 2 4 . 0 23 . 5 14 .0 14 .0 
,I , 
Revolutions of beater per minute with no load 
Home economics tests 
Engineering tests using Strobotac using counter on 
beater 
Alternating current Direct current Average of 10 test, 
._-- ._-_. ._-
--- --
High Medium Low High Medium Low High Med. Low 
-------
A 790- 320 690-290 470- 450 760-450 730-440 650-410 735 660 450 
-------
B 1080-800 660-660 310-310 1090-810 660-660 320- 320 1065 600 270 
-------
C 1070-810 870- 580 640-490 1020-670 920-690 810- 650 990 695 550 
-------
D 960-450 600-600 305-305 830-480 545- 545 260-260 930 540 290 
-------
E 1130-710 990-390 830- 230 1200- 840 970-540 830- 420 1065 710 430 
-------
F 1120-290 1020- 150 830- 0 1190-360 1020-300 910-350 935 860 705 
-------
G 930-790 850-730 760- 640 990- 880 880-800 800-730 850 750 660 
--
---
--
H 1320-900 1070-610 560- 0 1300-980 1070-720 750-340 1110 810 255 
---
----- --
I 1340-950 1160-740 890-520 1210-790 1085- 830 950-750 1215 985 745 
[ 
( Red~ld--Pu,.dl! e) 
* rI'he weight of the mix e l' motor and beaters when used as a portnble uni t fit the 
range at' in ::t container other than the l'egular bowl. 
** Beatcr not removabl e rO I ~ portable use, 
use them for churning, for mixing all types of batters and doughs, 
for whipping cream and egg whites, for mashing potatoes, for 
beating candy and for reaming fruit for juice. The women who 
had mixers reported that for the most part they were unable to 
satisfactori ly stir mixtures heavier than a cake or muffin batter. 
The last of the flour in a cooky dough usually had to be mixed 
in by hand because the motor became very hot and its speed was 
slowed noticeably. Several women reported that bread dough 
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stalled the mixer motor. Others reported that the dough crept 
up on the mixer shaft after about two-thirds of the flour had been 
added. 
Butter cake, sponge cake and angel cake were selected as typical 
products that might be mixed with a mixer. The directions for 
mixing given by the mixer manufacturers were used, and when 
necessary, deviations from the recommended method were made 
until a satisfactory procedure for mixing each food product was 
developed. The cakes were scored by four judges. 
Chocolate cake was selected from the butter cake series for 
testing the efficiency of the mixer in blending the various ingredi: 
ents. Because of the difference in color of the chocolate and the 
rest of the batter, thoroughness of mixing could be readily detected. 
Most mixer directions indicate high speed up to the point where 
the flour and milk are added. This procedure was followed. 
There were certain sections in the mixtures in every 1\lixer bowl 
in which complete blending of the ingredients did not occur. 
TABLE 2. NUMBER OF REVOLUTIONS TO MIX CHOCOLATE, SPONGE 
AND ANGEL OAKES, USING NINE MIXERS. AVERAGES OF 10 TESTS. 
Type of cake and method of mixing Number of revolutions 
CHOCOLATE CAKE 
Cream fat 580' 
Add sugar and cream 1740 
Add eggs 1160 
Add chocolate 580 
Add flour and milk in thirds 355 
Mix 15 
SPONGE CAKE 
Beat egg whites 1960 
Add sugar 710 
Beat egg yolks and liquid 4350 
Combine two mixtures 355 
Add flour 710 
ANGEL CAKE 
Beat egg whites 435 
Add cream of tartar and salt 1525 
Add sugar 355 
Mix 1065 
Add flour 710 
Mix 710 
( Redjieldr-Purdue) 
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These sections varied from a very small center cone to an un-
mixed layer 3/ 16 inch thick over the entire bottom and sides of 
the bowl. To help in incorporating these unmixed sections a rub-
ber spatula was used to loosen this material. . 
It was found that a satisfactory cake could be mixed with any 
of the mixers. Results seemed to indicate that the speed of the 
. mixer was not so important as the number of revolutions for each 
operation. The methods used to mix the three kinds of cake and 
the number of revolutions of the beaters for each mixing process 
are given in table 2. 
PART II. EFFECT OF SHAPE OF BEATER BLADES 
AND OF ADDED ROTATION OF THE MIXER 
BOWL ON CERTAIN FOOD PRODUCTS · 
PRELIMINARY TESTS 
In this study it was the function of the Nebraska Experiment 
Station to prepare the food mixers for the investigations. A 
mixer had recently been introduced on the market which had the 
speed controlled by a centrifugal switch arrangement. The beater 
speed varied from 292 to 974 r.p.m., between speeds 1 and 15, 
respectively, on the control dial. Since tests showed that this 
mixer would handle heavy loads at low speeds as well as at all 
other speed settings, beaters of three shapes were adapted to this 
mixer for the study. The mixer had a motor rated at 120 watts 
input. 
Replies from inquiries made to staff members of the Foods bj!-
vision of the University of Nebraska revealed that for all practi-
cal purposes if a mixer could handle a honey meringue at low 
speed, it would be a satisfactory mixer. Consequently a mixture 
of the following proportions was made: 1 c. honey, 1 egg white and 
4 marshmallows. This load was · applied for speed setting no. 1 
(292 r.p.m.) and though the mixture was stiff, it did not stop the 
mixer. The electrical input was 75 watts. 
The beaters used are shown in fig. 1. They were adapted to 
the beater support frame by inserting new pins in the bottom of 
the beaters and shortening the center post to the proper length. 
For rotating the bowl a pulley approximately 1 inch in diameter 
was soldered to the bottom of a beater which was operated by a 
second mixer of the same model as the one used in the study . 
A flange was fastened to the bottom of the bowl platform of the 
original mixer and this formed the driven pulley. The pulleys 
were connected by a leather belt. The bowl was fastened to the 
bowl platform with spring clips. The arrangement is shown in 
fig. 2. 
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By using different bowls and beaters, the mixer as modified was 
ready for the study of the various problems suggested. Since the 
thickness of the different shaped blades was approximately the 
same. the effect of thickness was not studied. 
EFFECT OF SIZE AND SHAPE OF BEATER BLADES' 
METHOD OF PROCEDU RE 
The three different shaped . egg beaters were used to beat egg 
whites and mix angel cakes. The larger bowl that came with the 
mixer was used. It had a height of 4 Yz inches and a diameter 
across the top of 8Yz inches. The rotation of the beater blades on 
the bottom of the bowl caused the bowl to revolve on its platform. 
The platform was adjustable so that the beaters could be used at 
.the side or at the center of the bowl. All operations, with the ex-
ception of the baking process, were carried out in a room with 
controlled temperature of 70° F. and a relative humidity of ap-
proximately 52 percent at the beginning of each day's work. 
The temperature increased from 2 ° to 4° F. and the humidity 
from 8 to 12 percent during a work period. To counterbalance 
any effect of variation in room conditions on the products, the 
beaters were rotated in order of use. 
The same speed setting was used for each beater throughout the 
experiment. A Veeder counter, set up to contact a special at-
tachment on the reamer shaft of the beater, recorded the number 
of rotations of the beater blades. Voltage was maintained at 115 
volts. 
Since extensive experiments carried on by the Foods and Nu-
trition Section of the Iowa Agricultural Experiment Station had 
shown that angel cakes made from frozen egg whites were in all 
ways comparable to those made from fresh egg whites, frozen egg 
whites were used. They were purchased in lO-pound lots anel 
stored in an electric refrigerator maintained at 20° F. Since the 
specific gravity of the foa111 seemed the best means of determining 
the end point of beating. preliminary tests were made to deterc 
mine the specific gravity which would give the best angel cake. 
It was found that the proportion of thin and thick whites greatly 
influenced the specific gravity and time of beating. 
To determine the proportiOlls to use, frozen egg whites for three 
fa mily-size cakes were weighed. After the whites had thawed 
they were separated into thick and thin portions. The propor-
tion of thin white to thick white was found to average 234 grams 
to 440 grams. vVhen beaten. these proportions gave approximate-
ly uniform specific gravities. 
Most angel cake recipes have been developed for use with hand 
beaters . It therefore became necessa ry to make certain adapta-
7This seri es of tests was luad e by Lyle 1tf. ~falUer. gradu ate student in the De-
pa rtment or Hou sehold Equipm ent, lown Stnte Coll ege. 
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tions in time of beating, quantity of ingredients and method of 
adding ingredients to obtain a formula suited to the electric mixer. 
Recipe for Angel Cake 
Unbeaten egg white . .. . . .... . . . . . .. . . 278 grams 
Sugar .. . . .... . . . ............ . . . . .. .. 250 grams 
Cake flour .. .. . . ........ . .... ... . .. .. 90 grams 
Cream of tartar ....... . .... . . . . .. .. . .. 3.6 grams 
Salt . .... . . . .......... . . ... . .... .. .. . 1.2 g rams 
M IXING AN D BAKING 
The frozen egg whites for three family-size cakes were weighed 
out 24 hours before needed and placed in a rehigerator held at 
50° F. Five hours before use, the egg whites were placed in the 
controlled temperature room. Enough sugar, cake flour, cream 
of tartar and salt for the study were stored in covered containers 
in the controlled temperature room. At the beginning of each 
week the dry ingredients for the week's tests were weighed into 
separate containers. 
For eacll cake, one-fifth (50 gm.) of the sugar was sifted with 
the flour three times. The remaining 200 gm. of sugar were sifted 
once. 
When the temperature of the egg whites reached that of the 
room, the whites were beaten at speed 15 (974 r.p.m.) for 15 
seconds. the cream of tartar and salt added, and the beating con-
tinued until a specific gravity of 0.151 ± .003 was reached. The 
blades were set to operate as close to the side of the bowl as pos-
sible. The specific gravity was determined by filling a previously 
counterbalanced one-third cup measure (capacity 7S cc.) with the 
egg foam, leveling it with a spatula and weighing it. The tem-
perature of the egg foam was taken and the number of revolutions 
of the beater recorded. A photomicrograph was made of the 
foam, which was always taken from the center of the mixing 
bowl to irisure uniformity of procedure. 
A drainage test was made to determine the stability of the foam . 
For this test a 250 cc. graduated cylinder, a funnel (98 mm. with 
5 mm. bore) and a watch glass to fit the top of the funnel were 
used. One-half cup of egg foam (34 gm.) was removed to the 
funnel which was then covered with the watch glass. The drain-
age was weighed at IS-minute intervals for a total of 60 minutes. 
The remaining beaten whites were weighed. The bowl was 
replaced on the mixer, the beaters were started and 200 gm. sugar 
were added gradually to the foam for 50 seconds at speed 1 (292 
r.p.m.). The final mixing in of the sugar was accomplished with 
15 strokes with a hand-manipulated wire whip. The strokes con-
sisted of a vertical circular motion made while the bowl was re-
volved by the beater. The specific gravity of the meringue was 
determined in the same manner as that of the foam, and a photo-
micrograph was made. 
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The flour-sugar mixture was sifted into the meringue and mixed 
for 1 minute at speed 1 (292 r.p.m.), plus 15 strokes of the hand-
manipulated wire whip, as in the mixing of the meringue. The 
bowl was removed from the platform, and three additional strokes 
with the wire whip were used to finish the folding in process. 
Specific gravity was determined and a photomicrograph made. 
The a"l(erage drainage of foams and the average specific gravities 
01 the foams, meringues and batters from the 15 mixes made with 
each set of beater blades are given in table 3. There were signifi-
cant differences among the mean specific gravities of the foams. 
TABLE 3. DRAINAGE OF BEATEN EGG WHITES; SPECIFIC GRAVITY 
OF BEATEN EGG WHITES, MERINGUES AND BATTERS MIXED 
WITH THREE SETS OF BEATERS. 
AVERAGES OF 15 MIXTURES. 
Total drainage of Specific ~pecific Specific ~ cup (34 gm.) gravity 
Beater beaten egg whites beaten egg grayity gravity 
blades (60 min.) grams whites mermgue egg batter 
Large oval •... . ..... .. 8.39 .. 1480 . 2658 .4036 
Round . . .. . . .......... 10.64 . 1522 .2751 . 3783 
Small oval.. . ... . . . .•. . 9 . 22 . 1505 .2625 .3821 
.' 
When the specific gravity is less, the egg whites have been 
beaten to a stiffer consistency, hence the drainage tends to be less. ' 
Photomicrographs of the egg foams, meringues and batters are 
shown in figs. 3 to 5. 
Five hundred and fifty grams of batter were weighed into an 
aluminum tube cake pan (tube 4 3/ 16 in. high, 3 3/ 16 in. from 
side to tube at bottom, 4 in. from side to tube at top). The pan 
had previously been weighed and numbered. The cakes were 
baked for 45 minutes at 1700 C. in a central position in a pre-
heated gas range oven. The oven was 16 in. wide, 13 in. high, 
19 in. deep, was thermostatically controlled and had a glass win-
Fig. 3. Photomicrographs of egg foam beaten with beater blades of different shape • . 
Left, large oval; center, round ; right, small oval. 
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Pig-. 4. Photomicrographs of meringues of angel cakes mixed by beater blades 
of diffeJ'ent shapes. Left, ]n-rge o\'al: center, round ; right, sm;:\ll oval. 
Pig. .-1, Photomicrographs of nngol cnke batteJ's, mixed with beater blades of 
different shapes. Left, hnge OY31: ce nter, round ; I'i ght, sma ll 0\"<11. 
clow in the cloor. The temperature of the oven was checked by 
means of thermocouples placed in the center of the oven and on 
the thermostat. The thermocouples were attached through a 
rotary switch to a Leeds and Northrup portable potentiometer. 
TESTS AFTER InKING 
After removal from the oven, the cake was weighed and il1-
velted on a table in the controlled temperature room to cool until 
noon of the following day when it was reweighed. Difference in 
volumes of cakes was determined by measuring the average height 
of the cakes. Measurements were taken by means of an instru-
ment which consisted of a slotted cross bar into which a meas-
uring scale was fitted . The cross bar was rotated to six marked 
positions on the edge of the pan, and measurements from the sur-
face of the cake to the cross bar were taken at each position in four 
different slots. The average of the 24 measurements gave the 
height of the cake. Breaking load was determined by means of a 
machine designed by Belle Lowe of the Foods and Nutrition 
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Section and 1. Coleman of the Iowa State College Instrument 
Shop. The -machine was constructed in the college instrument 
shop. For this test a section of each cake was fitted into a wooden 
Fig. 6. ~litel' box nnd cutt.el'. 
Fig. 7. Apparatus for determining tensile st rength. De8i~ned b)' B. Lowe and 
I. Coleman. 
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miter box. Three slices, approximately 1 cm. thick, were then cut 
from the cake section with a serrated bread knife. ' From these 
slices pieces were shaped by a special cutter in the design of an 
hour glass, 6.1 cm. by 7.1 cm., with a 2.2 cm. center. The shaped 
pieces were broken in the machine and the breaking loads re-
corded. The breaking load test was an objective method of 
measuring the tenderness of the cakes. (Figs. 6 and 7.) 
Sand retention and texture index tests were used to determine 
the texture of the cakes. The procedure for the sand retention 
test was similar to that used by Swartz.s The test consisted of 
weighing a piece of cake Ys in. thick by 2 in. in diameter as soon 
as possible after it had been cut to avoid drying. The piece was 
then covered with sifted sand, placed on a 45 0 incline, and rotated 
twice to allow as much sand to fall off as was not retained in the 
cells. The piece was reweighed and the difference was sand re-
tention. The piece was then inverted and shaken five times, again 
weighed, and the difference between the last two weights used 
as the texture index. A further indication of differences in 
texture was obtained by photographing cake slices Ys in. thick, 
cut from the same positions in each cake. (Fig. 8.) 
RESULTS 
The average results of the various tests are summarized in 
table 4. 
The round beater produced the largest cake when a wire whisk 
manipulated by hand was used to aid in mixing in the sugar and 
flour-sugar mixture. Analysis of variance of heights of the cakes 
showed highly significant differences among the beaters. These 
differences may have been caused in part by significant differences 
among the mean specific gravities of foams for the three different 
beaters. Nevertheless, when the mean heights of cakes mixed 
BSwartz, V. W. Two further simple objective tests for judging cake qnality . 
Oereal Ohemistry, 15:247·250. 1938. 
Fig. 8. Slices of angel cakes, showing effect on volume and texture of mlxmg 
with beater blades of different shapes. Left, large oval; center, round ; 
right, small oval. 
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by the different beaters were adjusted for the differences in spe-
cific gravity, there were still significant differences among beaters . 
TABLE 4. SUMMARY OF RESULTS OF TESTS ON CAKES MADE WITH 
THREE BEATERS. 
Volatile Moisture 
loss during loss during Height Breaking Sand Texture 
Beater baking cooling load retention index 
gm. gm. in. 
gm. per 
sq. em. gm. gm. 
Large oval ... .. . . 40 .84 16.62 2.79 17 . 11 2 . 21 1.33 
Round . . ... . . 43 .2 1 16.45 2 . 92 14 . 19 2.34 1.40 
Small oval. .. ..... 43 . 11 16 .06 2.89 15 . 57 2.20 1.28 
Looft9 found a very high degree of correlation between the 
specific gravity of the cake batter and the specific gravity of the 
cake, which was inversely related to the volume of the cake. 
The results in this study showed a similar relationship between 
specific gravity of the batter (table 3) and height of the cake. 
Specific gravity of batter mixed by the round beater was the 
lowest, and the cake was the highest; specific gravity of batter 
mixed by the large oval beater was the highest, the cake the 
lowest. 
Results of the breaking load test indicated that the most tender 
cakes were mixed with the round beater. When the breaking 
load was adjusted for differences in specific gravity of foam, the 
differences among beaters did not show significance. 
Cakes mixed with the rDund beater gave highest sand retention 
and texture index. Higher figures indicate a coarser cake. The 
volume of a cake is usually an indication of the coarseness. In 
this study cakes mixed with the round beater were somewhat 
larger in volume and coarser in texture than those mixed with 
the oval beaters. 
EFFECT OF ADDED ROTATION OF MIXER BOWL ON 
EGG FOAM AND ANGEL CAKElo 
PROCEDURE 
With slight variation, the procedure of Mamer was followed 
in the present investigation. In preliminary tests rotation speeds 
of the bowl for three settings were determined on the empty bow!. 
Setting 0 0 r.p.m. 
Setting 1 68 r.1'.111. 
Setting 4 86 r.p.m. 
The experimental design included three different bowl rotation 
settings and three different beater blades, making a total of nine 
9Looft, M. G. Angel Cake II. The optimum baking temperature. Unpublished 
thesis. Library, Iowa State College, Ames, Iowa. 1937. 
lOThis series of tests was made by Helen V. Johnson, graduate student in the 
Department of Household Equipment, Iowa State College. 
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different treatments. Eight replications of foams were made for 
each treatment, a total of 72 foams. Two foams in each treatment 
were chosen as "representative" and were made into angel food 
cakes. 
All work was done in the controlled temperature room at 70° F. 
Speed 15 (974 r.p.m .) was again used for beating the foam. One 
entire can of egg whites was whipped into foams by means of 
one set of beater blades. Four successive foams were made at 
each bowl speed. The speed of the bowl at each setting was de-
termined by counting the revolutions while the mixing was in 
progress. 
During the process of mixing the cakes. bowl speeds varied 
from the preliminary observations made with the empty bowl. 
At setting 0 the bowl rotated because of friction between the 
beaters and the mix. Also, the bowl gained in momentum so 
that it rotated faster after the first minute. At bowl settings I 
and 4, however, the number of rotations per minute were reduced 
from those of the empty bowls. Because the rotation at settings 
1 and 4 was caused by applied power, the momentum did not 
change from the first minute to the second. Table 5 shows 
average bowl speeds during mixing of cakes as well as comparison 
with rotation of the empty bowl. 
TABLE 5. BOWL ROTATIONS (RP.M.) AT THREE DIF~'EHE:srT SETTINGS 
IN ]o'oUJ~ DIF~'EREN'l' MIXING PROCESSES COMPAHED TO ROTA-
Mix 
l;'oam- First minute .... . 
Second minute: . 
Meringue . 
Batter .. . ..... _ 
Empty bowl. 
. TIONS OF EMPTY BOWL. 
AVERAGE OF THREE COUNTS. 
o 
20 .0 
38 .5 
10 .8 
19 .6 
0 .0 
Setting"on motor dial 
58 .2 
51.8 
49 .0 
68 .0 
4 
76 .0 
67 . 2 
57 .3 
86 .0 
Specific gravity of the foam fell within the narrow range of 
0.150±.OO2. Since specific gravities of the foams were approxi-
mately constant, they were not a cause of any variations in results . 
In making ' the angel cakes, tests identical to those made by 
~Iamer were made on foams. meringues and batters. The same 
pans and range oven and O\'en temperature were used for baking. 
Volume of a cake was determined by the seed displacement 
method. and tenderness was measured on the tensile strength 
machine. 
The sand retention test for texture was used. The investigator 
also devised smoke prints as a texture indication. Vertical slices 
of cake were cut into round shapes with a cutter. The pieces were 
then rubbed gently over the bottom of a shiny aluminum pan 
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which had been well smoked by a candle. After sufficient carbon 
adhered to the cake it was stamped onto a piece of greased paper 
at a uniform pressure. The smoke print thus obtained was cov-
ered with a mixture of shellac and alcohol. The dried prints 
were cut to size and mounted. 
Cakes were scored subjectively on texture, moisture and eat-
ing quality. The same four people did all the judging. 
RESULTS 
The results of the foam tests are recorded in table 6. 
It was assumed th~t the various cans of frozen egg whites 
would be fairly uniform, but a study of table 6 shows that effect 
of the shape of beater blades is confused with variation in cans 
of frozen egg whites. 
The primary purpose of this investigation, however, was to 
study the effect of bowl rotation . The data of table 6 show no 
confusion between the bowl speeds and the cans of frozen whites 
and hence furnish an accurate picture of the effect of varied bowl 
rotation . 
Analysis of variance of the data in table 6 is given in table 7. 
TABLE 6. NUMBER OF ROTATIONS REQUIRED OF THREE DIF~'ER]<JNT 
BEATERS TO BEAT EGG WHITES (72 0 F.) TO A SPECIFIC GRAVITY 
OF 0.150+ or - .002, AT 'rHREE DIFl!'ERENT BOWL S PEEDS. 
Setting 
Beater blades Foam* 
0 1 
I 
4 
Large oval .. . . . . . . . . . . . 1A 2196 2677 2055 
2A 2206 2676 2065 
3A 257 1 2611 2026 
4A 2219 2542 2394 
5B 1909 21 18 2020 
6B 2113 2099 2331 
7B 2188 2084 2304 
8B 2065 2390 22 13 
Mean 2183 .3 2399 . 6 2176.0 
Round 1C 2882 2873 2873 
2C 298 1 2906 2862 
3C 2888 2848 2914 
4C 2878 2872 2913 
5D 2901 3437 3197 
6D 2902 3424 2902 
7D 2875 3325 2889 
8D 2894 3310 3249 
Mean 2900 . 1 3124 .3 2974.8 
Small oval ...... ......... . . IE 2183 2499 2254 
2E 23 16 2291 2096 
3E 2034 2000 2293 
4E 2897 2565 2090 
5F 2193 2363 2269 
6F 2259 2286 2246 
7F 2416 2287 2356 
8F 2363 2278 2332 
. 
Mean 2332 6 232 1. 1 2242.0 
*The different cans of frozen egg whites used in makin g the foam s were 4esig. 
nated as A, B , C, D, E, F. 
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TABLE 7. ANALYSIS OF VARIANCE OF NUMBERS OF ROTATIONS OF 
BOWL PER MINUTE AND SIZE AND SHAPE OF BEATER BLADES 
IN " TREATMENT OF EGG FOAMS . 
Source of variation 
Total. . 
Bowl setting .. 
Beaters . ... . . . 
Beater x. bowl setting (in teraction) . 
Between cans of eggs within beaters (error for beaters) 
Cans x bowl rotations within beaters (error for bowl 
Degrees of 
freedom 
71 
4 
Sum of Mean 
squares square 
11 ,237 ,250 
345,877 172,938 
8 ,411,750 4,205,875" 
1.59,879 39,970 
526,431 175,477 
settings) . . . . . . . . . . . . . . . . 6 594,814 99,136" 
Within subclasses. 54 1,198 ,499 22,194 
*Significant. 
TABLE 8. DRAINAGE OF BEATEN EGG WHITES, S'PE IFIC GRAVITIES 
OF MERINGUES AND OF BATTERS MIXED WITH THREE SETS OF 
BEATERS AT THREE DIFFERENT BOWL SPEEDS. 
Drainage of 
K cup (34 gm.) 
Beater blades beaten egg whites Specifi~ gravity Specific gravity 
60 min. batter 
Speed of bowl 
0 1 4 0 
gm. gm. gm. gm. 
Large oval beater . 9.3 5.2 7.6 . 280 
7.3 7.8 . 260 
Round beater .... . . 8 .0 9 . 7 10 .9 . 276 
6 .0 6.9 8 .3 .277 
Small oval beater. 7:2 6 . 9 8 .3 .272 5 .6 .272 
The analysis of variance showed 
( 1) no significant differences be-
tween numbers of revolutions re-
quired at the three settings, (2) 
significant differences between 
numbers of revolutions made by 
the beaters. The means (table 6) 
show that the round beater re-
quired the highest number of ro-
tations to whip foam to the 
specific gravity standard. It was, 
menngue 
Speed of bowl Speed of bowl 
1 4 0 1 4 
gm. gm. gm. gm. gm. 
. 258 . 270 .380 . 353 .374 
. 273 . 258 .350 . 374 . 366 
.274 .276 .366 .456 .438 
. 270 .273 . 376 .370 .376 
. 269 . 266 . 348 .353 .353 
. 270 . 273 . 366 . 378 .366 
TABLE 9. MEAN SCORES OF 18 
CAKES MIXED AT THREE 
DIFFERENT BOWL SPEEDS. 
Speed of bowl 
rotation 
o 
4 
Mean scores on 
basis of 100 
88.1 
86 .6 
88 . 1 
therefore, less efficient than the oval beaters. 
The drainage of foams and the specific gravities of menngues 
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Bowl 8peed 0 Bowl 8pee41 
Fig. 9. Texture of angel cakes mixed by beater 1. at three speeds of howl rotation . 
and batters from the 18 representative mixes made with three 
sets of beater blades at three speeds of' bowl rotation are gIven 
in table 8. 
Cakes made in the bowl that was not rotated were scored ap-
proximately the same by the judges as those mixed at the two 
different speeds. (Table 9.) Results of tests on the angel cakes 
are summarized in table 10. The texture prints (fig. 9) showed 
likeness of texture among the three bowl speeds, and there was a 
similar likeness among the three beater blades. 
'l'ABLE 10. SUMMARY O~' RESULTS O~' TESTS ON 1 8 ANGEL CAKES MIXED A'l' THREE BOWJ~ SPEEDS WITH THREE 
BEATER BLADES. 
------
-------_._-------------
I 
Large oval beater Round beater Small oval beater 
; I ., I -. 
Volatile Breaking Sand Volatile Breaking Sand Volatile Breaking Sand 
Bowl loss Volume load retention loss Volume load retention loss Volume load retention 
speed gm. per gm. per gm.per 
gm. CC. sq. em. gm. gm. CC. sq. em. gm. gm. CC. sq. em. gm. 
---
0 38.8 2420 21. 63 1 .2 38.0 2460 13 .63 O. i 36.3 2480 17 50 1 .2 
1 37.3 2305 24.09 1.1 35 6 2415 17 .09 1.0 35 8 2470 17 . 54 1.1 
4 38. 1 2435 21. 63 1.2 32 .2 2405 17 .41 0 .9 35.1 2470 16 . 14 1.4 
• -
N 
o 
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EFFECT OF ADDED ROTATION OF MIXER BOWL ON 
FRENCH DRESSING 
PROCEDURE 
The small bowl of the mixer (height 40 in., diameter of inside 
of top of bowl 6 in.) was used for making the French dressing. 
It was not necessary to clamp this bowl to the standard of the 
mixer, which was rotated precisely as in part 1. 
Three speeds of bowl rotation were used: 
Setting 0 0 r.p.m. 
Setting 4 77.8 r.p.m. 
Setting 7 107.4 r.p.m. 
Since there was practically no friction between the bowl and 
the French dressing, the number of rotations of the bowl was 
the same when the bowl was empty and during the mixing proc-
esses. 
Mixing was done in the controlled temperature room at 70° F. 
Preliminary tests were made to develop a recipe which would 
produce an emulsion of such viscosity that it could be poured 
from the mixing bowl at 70° F. To eliminate any varying effect 
of the emulsifying agent, a prepared mustard mixture was se-
lected for the emulsifier. Corranll stated that the evidence ob-
tained showed mustard flour had emulsifying properties. Thirty 
grams of prepared mustard were found to be sufficient to emulsify 
the oil completely if all other factors were ideal. 
The following is the recipe that was developed: 
Corn oil 310 grams 
Prepared mustard 30 grams 
Salt 8 grams 
Sugar 
Vinegar 
Water 
25 grams 
20 grams 
100 cc. 
All ingredients except the corn oil were placed 111 the mixing 
bowl and stirred slightly with a rubber spatula. They were then 
mixed by the beater at speed 9 (722.5 r.p.m.) for 15 seconds. 
The corn oil was placed in the oil dropper attachment to the 
mixer, which was held in position by a ring stand and clamps. 
The Veeder counter was put in place over the reamer shaft. The 
procedure for dropping the oil was as follows: 
llCorran , J. W. Some observations on a typical food em ulsion . In International 
Roeiety of TJentlH' I' rrrades Chemists. ' Bl'iti ~h Section. Technical aspects of emnl· 
"ions, 1'1'.90-100. Harvey, London. 1935. 
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Size of opening Rotations of beater Oil flow 
34 turn dropper valve 1500 quick drops 
1 turn 
2 turns 
completely open 
val ve removed 
1500 
1500 
1500 
1500 
7500 
very thin stream 
thin stream 
hea vy stream 
quick spurt, 
quick flow into 
(total) 
bowl 
The amount of mixing (7500 rotations of each beater) was kept 
constant for each different mixing of French dressing. 
METHOD OF ANALYSIS 
The trials included the three bowl rotations and the three 
different beater blades previously specified, making a total of 
nine different treatments. Four replications of French dressing 
were made for each treatment, making a total of 36 emulsions. 
METHOD OF TEST 
A viscosity test on each emulsion was made immediately after 
mixing. In the preliminary work a falling ball type of viscometer 
was devised and proved satisfactory. A glass tube 87 cm. in 
length, and having an inside diameter of 2.2 cm., was closed at 
one end with a rubber stopper. The emulsion was then poured 
into the tube, which was mounted vertica.lly by means of two 
clamps on a ring stand. A steel ball averaging 0.7494 inches in 
diameter and weighing 28.1611 grams was allowed to drop 
through the emulsion in the tube. The time interval in seconds, 
between the dropping of the ball from the top edge of the tube 
and its coming to rest at the bottom, was recorded as the vis-
cosity of the emulsion. After each test, the ball was cleaned with 
acetone and handled with paper toweling. The glass tube was 
washed with soap and water, rinsed with alcohol and allowed to 
dry between tests. 
In the preliminary work nine mixtures of French dressing had 
been made in an identical manner in order to check the accuracy 
of the viscosity test. Analysis of these nine French dressings 
showed a coefficient of variation of 4.86 percent. This amount of 
deviation was considered low enough that any tests made with 
this particular viscometer could be considered reliable. 
RESULTS 
Viscosity measurements on the 36 111lxes of French dressing 
are recorded in table II. 
The analysis of variance is given in table 12. 
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TABLl!) 11. VISCOSITIES OF 36 SAMPLES OF FRENCH DRESSING, USING 
THREE DIFFERENT BOWL SETTINGS AND THREE DIFFERENT 
BEATER BLADES. VISCOSITY DETERMINED BY TIME (IN 
SECONDS) REQUIRED FOR BALL TO DROP THROUGH TUBE . 
Beater blades 
Setting of bowl rotation 
I Beater 0 4 7 means 
I 
Large oval . . . . . . . . . . . . . . . . 24 .0 21.8 19 . 6 
23 . 6 21.2 17 .8 
24 .0 21.6 17 .4 
24 .B IB .O 15 . 8 
Mean . . . . . . . . . . . . . 24 . 10 20 . 65 17 .65 21. 13 
Round . .... . . . . .... . ...... .. 20 . 0 20 .0 15 .2 
19 . 0 18 . 2 14 .4 
17 .4 19 . 6 14 .2 
13 . B 15 .0 13 . 6 
Mean . .. . ... 17 . 55 IB .20 14 .35 16 . 70 
, 
Small oval. .. . . . . . . . . . . . . . . . 
. " 
24 . 6 23 . 2 17 .0 
20 . 2 17 .2 14 .0 
19 . 2 19 . B 17 .6 
15 . 6 13 .4 16 .4 
Mean . ....... .. . 19 .90 18 .40 16 . 25 18 . 18 
Speed means .. 
. " 
20 .52 19 .0B 16 .0B 
TABLE 12. ANALYSIS OF VARIANCE OF VISCOSITIES OF 
FRENCH DRESSING. 
Source of variation 
Bowl (settings) . 
Beaters. 
BowL speeds x beaters (interaction) 
Error .. 
Total 
** Highly s ignificant. 
Degrees of 
freedom 
27 
35 
Sum of Mean 
squares squares 
122 . B4 61.42** 
103.43 51 . 71** 
21.41 5 .35 
156 . 63 5 . BO 
404 . 31 
There were highly significant differences among the mean vis-
cosities of the French dressing for the three different beaters and 
for the three speeds of bowl rotation. 
As a result of this experiment, the bowl speeds may be rated 
III order of best performance as follows: . 
First Setting 0 
Second 
Third 
Setting 4 
Setting 7 
(no rotation) 
(77.8 r.p.m.) 
(107 r.p.m.) 
When the bowl was rotated at settings 4 and 7, the oil was 
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thrown to the side of the bowl where the beater blades could not 
reach it. 
Likewise, the beaters 
First 
Second 
Third 
may be rated according 
Large oval 
Small oval 
Round 
to performance: 
There has been some discussion with regard to a desirable shape 
for beater blades. The results of these experiments indicate that 
variations in blade design do not produce significant differences 
in products. Slightly more efficient results may be obtained in a 
given operation with one blade design. Another design may be 
more desirable for other manipulations. Evidently as far as the 
homemaker is concerned any design is satisfactory. 
SUMMARY 
Nine well-known small food mixers, selling in 1940 between 
$18 and $25, would all make satisfactory cakes provided the num-
ber of revolutions for each operation (table 2) was controlled. 
A beater with 15 speed settings was equipped with three blades 
-round, large oval and small oval. Also, a pulley was attached 
to the bowl platform to drive it and to rotate the bowl at differ-
ent speeds. The beater was used to make angel cake and French 
.dressing with the following results: 
Angel cakes made with the round beater were higher and 
coarser than those made with the oval beaters, but there were 
no detectable differences in tenderness. 
The oval beaters beat egg whites (72° F.) to a specific gravity 
of 0.1 50 with 24 percent fewer revolutions than required by the 
round beater: The revolution of the bowl was ineffective in 
changing the number of revolutions required. The three beaters 
at three bowl-speed settings producd cakes of essentially the same 
texture and score. 
When the beaters were revolved 7500 times, the highest vis-
cosity in French dressing was obtained with the use of the large 
oval beater, the lowest viscosity with the round beater. Addi-
tional bowl rotation decreased the viscosity, irrespective of shape 
of beater. 
The results of these experiments indicate that variations in the 
blade designs tested do not produce significant differences in 
products. Slightly more efficient results may be obtained in a 
given operation with one blade design. Another design may be 
more desirable for other manipulations. Evidently as far as the 
homemaker is concerned any design is satisfactory. 
